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Supporting information

S1 Appendix. Characteristic polynomial of a matrix. The characteristic
polynomial of an m×m matrix A = (ajk) is defined as [1]

det(λI−A) = λm − σ1λ
m−1 + σ2λ

m−2 − · · ·+ (−1)mσm

where I is the identity matrix and

σ1 =

m∑
j=1

ajj = trace(A)

is the sum of all first-order diagonal minors of A (equivalently, the trace);

σ2 =
∑
j<k

det

(
ajj ajk
akj akk

)
is the sum of all second-order diagonal minors of A;

σ3 =
∑

j<k<l

det

ajj ajk ajl
akj akk akl
alj alk all


is the sum of all third-order diagonal minors of A, and so forth. Finally,

σm = det(A).
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